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47: mt:-Abstract Evaluation of human and animal health surveillance programs is currently lacking in
most developing countries including sub-Saharan Africa. To evaluate the burden of salmonellosis
and antimicrobial resistance status in developing countries, we need to identify the sources, serovar
distribution and the prevalence of Salmonella to guide in the formulation of control program. This
study was undertaken to determine the prevailing Salmonella serovars, the occurrence and the anti-
microbial susceptibility patterns of Salmonella enterica subspecies enterica recovered from ﬁsh.
Stratiﬁed random sampling was carried out in 2009 on 200 ﬁsh samples. All the isolates were bio-
chemically characterized and presumptive Salmonella isolates were serotyped using standard proce-
dure and tested for antimicrobial susceptibility by minimum inhibitory concentration (MIC). A
total of 23 isolates were positive for Salmonella out of the 200 samples (11.5%) analyzed, three dif-
ferent serovars comprising Salmonella serovars Hadar, 47: mt:-, and Eko were obtained. Generally,
the antimicrobial resistance proﬁle was low; however SalmonellaHadar showed a high level of resis-
tance to the antimicrobial agents. Salmonella serovars; Hadar, 47: mt:- and Eko are the pathogens
60 I.A. Raufu et al.associated with ﬁsh contamination in Maiduguri, North eastern Nigeria and constitute serious
health risks for the human population and need to be controlled by targeted interventions.
ª 2014 Production and hosting by Elsevier B.V. on behalf of National Institute of Oceanography and
Fisheries.Introduction
Fish is known for its high nutritional quality, relatively low fat
content, saturated fat, cholesterol and high polyunsaturated
fatty acids, protein and minerals such as calcium, phosphorus,
sodium, potassium and magnesium (HanyEl-Said, 2004). The
natural habitat of ﬁsh is extremely prone to pollution that may
be from domestic, industrial and agricultural discharges, thus,
ﬁsh and other aquatic life forms are vulnerable to all environ-
mental hazards. The microbiological safety of seafood has been
a source of concern to consumers, industries, and regulatory
agencies all over theworld. The rapid and accurate identiﬁcation
of bacterial pathogens is important, both for quality assurance
and to trace bacterial pathogens within the food supply (Bhag-
wat, 2003;Germini et al., 2009). Infection as a result ofmicrobial
contamination does not usually result in disease but environ-
mental stresses may upset the balance between the potential
pathogens and their hosts (Olayemi et al., 1990).
Salmonellosis is a worldwide health problem; Salmonella
infections are the second leading cause of bacterial foodborne
illness in the United States. Approximately 95% of cases of hu-
man salmonellosis are associated with the consumption of con-
taminated products such as meat, poultry, eggs, milk, seafood,
and fresh produce. The non-typhoidal Salmonella enterica is a
common cause of a number of different disease syndromes
including gastroenteritis, bacteremia, and typhoid fever, with
the most common being gastroenteritis, which is often charac-
terized by abdominal pain, nausea, vomiting, diarrhea, and
headache (Coburn et al., 2007; Jones et al., 2008; Foley and
Lynne, 2008; Newell et al., 2010). A wide variety of animals,
particularly food animals, have been identiﬁed as the reservoirs
(Humphrey, 2000), several host factors, including age, contrib-
ute to increased susceptibility. The number of reported cases
has increased in countries all over the world in the past two
decades; this has been attributed to several factors such as
changes in animal husbandry, feeding practices, agronomic
processes, and food technology, as well as an increase in travel
and global trade. Furthermore, changes in consumer demands
and lifestyle coupled with the increase in susceptible popula-
tions have also partly contributed to the increasing numbers
of foodborne diseases (Rocourt et al., 2003).
Various animals are reservoirs for Salmonella species, the
organisms are widely distributed in the environment and intes-
tinal tracts of animals; most human infections are acquired
through consumption of undercooked food or contaminated
water and food of animal origin (Lynch et al., 2006; Majowicz
et al., 2010). With over 30,000 known species, ﬁsh forms the
biggest group in the animal kingdom that is used for the
production of animal-based foods. About 700 of these
species are commercially ﬁshed and used for food production
(Oehlenschla¨ger and Rehbein, 2009).
Dissemination of antimicrobial resistance among nontyp-
hoidal Salmonella isolates in humans is thought to be predom-
inantly due to the use of antimicrobial agents in food animals(Witte, 1998; Angulo et al., 2000). The increase in multi-anti-
microbial-resistant Salmonella strains isolated from humans
has been associated with the widespread use of antimicrobial
agents in food animal production. The spread of antimicrobial
resistance through the food chain is regarded as a major public
health issue (Threlfall 2002; Lynch et al., 2006; Foley and
Lynne 2008; Le Hello et al., 2011). The emergence of both
plasmid mediated antibiotic resistant against conventional
antimicrobials and chromosomal resistance to quinolones
and ﬂuoroquinolones has reduced therapeutic options for
Salmonella septicemia in humans (Foley and Lynne 2008).
Furthermore, infections with such drug-resistant Salmo-
nella species are associated with increased morbidity and mor-
tality. Accordingly, these drugs have been classiﬁed by the
World Health Organization as critically important antimicro-
bials (Collard et al., 2007). The objectives of this study are
to determine the occurrence, the serovars and the antimicro-
bial resistance proﬁle of Salmonella from fresh water ﬁsh.
Materials and methods
The study area
The study area, Maiduguri, North eastern region of Nigeria is
located in the arid zone with an area of about 69,436 km2 and
lies within latitude 10–13N and longitude 12–15E. It lies
within the Sahel savannah zone with low records of rainfall.
The area falls in the tropical continental north with dry
months of between 4 and 8 months (October–May) followed
by a short rainy season from late June to early October. The
state is located in the North Eastern part of Nigeria and has
boundaries with the Chad Republic to the North East, Camer-
oon Republic to the East. According to the 2006 census, the
human population of Maiduguri is estimated to be 1,112,511
and the capital city of Borno state, the state is ranked 12th
in the country. Agriculture and livestock farming are the main
stay of the state economy.
Sample collection
Over a period of 4 months (May–August, 2009), a total of 200
ﬁsh samples were collected from catﬁsh (Clarias spp.) from two
ﬁsh farms and Gamboru market in Maiduguri and analyzed
for the presence of Salmonella. All the samples were collected
using standard aseptic protocol and transported to the Depart-
ment of Veterinary Microbiology, University of Maiduguri, in
a sterile container with ice blocks to prevent sample deteriora-
tion on transit.
Bacterial isolation and identiﬁcation
The samples were analyzed at the Microbiology laboratory of
the Faculty of Veterinary Medicine, University of Maiduguri,
Nigeria on the day of collection as follows;
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Salmonella serovars from ﬁsh in sub-Saharah, Nigeria 61Five grams (5 g) of each sample was suspended in 10 ml
of Selenite-F broth (Laboratarios Britania, Buenos Aires,
Argentina) and incubated at 37 C for 24 h. After incubation,
cultures were subcultured onto Desoxycholate Citrate Agar
(Park Scuntif, Northampton, UK) and incubated at 37 C
for 24 h. Presumptive non-lactose fermenting dark center col-
onies were subcultured onto Xylosine Lysine Desoxycholate
(XLD) agar (Oxoid Ltd., Hampshire, UK) and incubated for
24 h at 37 C. Presumptive positive Salmonella isolates were
inoculated onto nutrient agar (Fluka Biochemika, Steinheim,
Germany) slants and incubated at 37 C for 24–48 h. Salmo-
nellae were presumptively identiﬁed using biochemical charac-
terization according to the standard techniques (Cowan and
Steel, 1993).
Serotyping and antimicrobial susceptibility test
All the isolates were serotyped by using slide agglutination, so-
matic (O) and ﬂagella (H) antigens were characterized by
agglutination with hyperimmune sera (S & A Reagents Labo-
ratory, Ltd., Bangkok, Thailand) and serotypes were assigned
according to the Kauffmann–White scheme (Popoff and
Minor, 2007). Serotyping of the selected Salmonella positive
isolates was performed at WHO National Salmonella and Shi-
gella Center, National Institute of Health, Bangkok, Thailand.
Minimum Inhibition Concentration (MIC) determinations
were performed on all isolates at DTU-Food, Denmark, by
using a commercially prepared, dehydrated panel (Sensititre;
TREK Diagnostic Systems Ltd., East Grinstead, England).T
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A total of 23 isolates out of the 200 samples, representing a
prevalence of 11.5% were positive for Salmonella. Out of 23
positive isolates, three (3) different Salmonella serovars com-
prising of Salmonella serovar Hadar (n= 20), Salmonella sero-
var 47: mt:- (n= 2) and Salmonella Eko (n= 1) were obtained
(Table 1). Salmonella Hadar constitutes the highest serovar
with 20 positive isolates representing 87%, S. serovar 47:
mt:-, S. Eko constituted a prevalence of 8% and 5%
respectively.
In general, the isolates showed a low level of resistance to
most of the antimicrobial agents, out of the 20 S. Hadar iso-
lates, 2 (10%) were resistant to neomycin, 1 (5%) was resistant
to spectinomycin, 9 (45%) were resistant to streptomycin while
7 (35%) and 4 (20%) were resistant to sulfamethoxazole
(SMX) and trimethoprim (TMP) respectively. Out of the two
(2) Salmonella enterica serovar 47: mt:-, 1 (50%) each showed
resistance to streptomycin (STR) and tetracycline (TET). Sal-
monella Eko exhibited resistance to four antimicrobial agents
comprising of ampicillin (AMP), sulfamethoxazole (SMX),
tetracycline (TET) and trimethoprim (TMP), (Table 1). The
overall patterns of antimicrobial resistance showed that major-
ity of the isolates were resistant to streptomycin 10 (43.5%),
sulfamethoxazole 8 (34.8%), and trimethoprim 5 (21.7%).
Discussion
The result of this study conﬁrms the contamination of ﬁsh by
Salmonella pathogens. The study equally highlights the level of
62 I.A. Raufu et al.contamination of ﬁsh obtained from coastal water bodies as
most of the ﬁsh were obtained from the coastal environment.
The presence of Salmonella in ﬁsh could be due to microbio-
logical pollution of the lake, including runoff and storm-water
that contain deposits from wildlife, agriculture, urban, forestry
and rural settlements which is a potential health hazard to hu-
man; another possibility includes contamination during a mul-
tistep handling process from harvest areas to the ﬁsh market
resulting in deterioration of the quality of ﬁsh available for hu-
man consumption in the local ﬁsh markets.
Fishery products have been recognized as a major carrier of
food-borne pathogens (Kamat et al., 2002; Upadhyay et al.,
2010), human infections caused by organisms transmitted from
ﬁsh are common depending on the season, the patients’ con-
tact with ﬁsh, dietary habits, and the immune status of the ex-
posed individual (Bhaftopadhyay, 2000). Previous studies
revealed the incidence of Salmonella in seafood samples (ﬁsh
inclusive) imported to USA from different parts of the world
to be high in seafood originating from Asia-Paciﬁc followed
by Africa, Middle East, and Southeast Asia countries (Heinitz
et al., 2000).
This study equally elucidates the contamination of ﬁsh by
three Salmonella serovars namely S. Hadar, S. serovar 47:
mt:- and S. Eko in North eastern Nigeria. There have been re-
ports incriminating fresh ﬁsh as sources of salmonellosis, par-
ticularly if they are caught in areas contaminated with fecal
pollution (Mol et al., 2010; Norhana et al., 2010). Salmonella
Hadar has been incriminated in ﬁsh in India/South east Asia,
Central paciﬁc, Mexico and Middle east region (FAO, 2010)
but is uncommon in Africa, the involvement of S. Eko and
S. 47: mt:- in ﬁsh salmonellosis is rarely reported in the litera-
ture. Most outbreaks of food poisoning associated with ﬁsh
are derived from the consumption of raw or insufﬁciently heat
treated ﬁsh and cross-contamination during processing.
Approximately, 12% of the foodborne outbreaks related to
consumption of ﬁsh are reportedly caused by bacteria includ-
ing Salmonella (Huss et al., 2000; Aberoumand, 2010). Simi-
larly, the U.S. Food and Drug Administration’s (FDA) data
showed that Salmonella was the most common contaminant
of ﬁsh and ﬁshery products (Allshouse et al., 2004).
Studies from other countries like Thailand, Hong Kong,
Spain and Turkey implicated Salmonella contamination in ﬁsh
and ﬁshery products (Herrera et al., 2006; Kumar et al., 2009;
Pamuk et al., 2011). The highest Salmonella incidence in ﬁsh-
ery products was reported in Central Paciﬁc and African coun-
tries while low incidence were reported in Europe, Russia, and
North America (Heinitz et al. 2000).
In this study, factors that may have contributed to the con-
tamination of ﬁsh with Salmonella, Salmonella could have
originated from terrestrial sources such as the unorthodox uti-
lization of cattle and poultry feces as manure/fertilizer on
farmland located close to the river, consequently, during the
rainy season the top-soil is washed into the river/pond leading
to environmental and food (ﬁsh) contamination. These have
enormously contributed to the escalating population of hu-
man-ﬁsh microbes. Other factors such as poor sewage disposal
coupled with a high water table permits untreated sewage to
enter lakes or ponds either through runoff or storm-water,
other predisposing factors include, transportation of ﬁsh in
dirty ﬁshing boats, packaging of ﬁsh in dirty containers cou-
pled with the method of displaying the ﬁsh uncovered in theopen markets for buyers. Washing of the ﬁsh with dirty water
collected directly from the lake or pond due to lack of proper
municipal piped borne water could also exacerbate the con-
tamination process, these result in a complex epidemiology
which needs to be investigated to determine the sources of Sal-
monella infecting humans and, subsequently, implement pre-
ventive and control measures.
There is growing concern that excessive use of antibiotics in
aquaculture is increasing the prevalence of antibiotic-resistant
bacteria in aquatic food products (Cabello, 2006). There are
very few available studies on antibiotic resistance in bacteria
from ﬁsh consumed locally in developing countries where the
use of antibiotics is reported to be high (Radu et al., 2003).
This is especially important in East and Southeast Asia, where
the vast majority of freshwater aquaculture production and
consumption occurs (FAO, 2010).
The level of resistance to ﬁve different antimicrobials by S.
Hadar is a cause for concern, S. Eko showed a low level of
multidrug resistance to four antimicrobials, while S. 47: mt:-
was resistant to only two antimicrobials. The pattern of resis-
tance to antimicrobials corresponds to the common antimicro-
bial agents being used by human and animal for prophylactic
and chemotherapeutic purposes in the study area.
Conclusion
Isolation of Salmonella from ﬁsh is an indication of contami-
nation of the river/lakes by the pathogen. This study provides
vital data that are critical for assessing and controlling the risk
associated with the presence of Salmonellae in ﬁsh. It is obvi-
ous from the study that consumption of Salmonella infected
ﬁsh can instigate a public health problem, it is therefore,
suggested that ﬁsh should be properly processed before
consumption.
Quality control measures should be instituted for export
oriented and locally consumed ﬁsh, contrary to the current
practices in which quality control measures for ﬁsh consumed
locally are not available, this is a cause of concern from public
health point of view. Fish contaminated through the aquatic
environment, itself contaminated by humans or poultry, may
constitute a secondary food reservoir in areas of endemicity,
hence, there is the need to educate the public on the danger
associated with consumption of raw or improperly cooked ﬁsh.
There is a need for regular surveillance of ﬁsh sold for con-
sumption to ascertain the level and types of antimicrobial resis-
tance, this will enable prompt and effective control measures to
be instituted. Salmonella surveillance can provide data to for-
mulate control measures for effective treatment and prevention
of foodborne and zoonotic pathogens.Disclosure statement
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